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THE DESIGN AND ANALYSIS OF EVALUATION S1UDIES

David Wiley

The original intent which motivated this paper was a desire to

say something systematic concerning the design and analysis of evalua-

tion studies. It seemed, however, that before anything explicit could
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be said on this topic, some clarity would have to come to my mind
concerning the definition of evaluation and its important components.
As a consequence, and at the risk of infringing on some of my col-

leagues' territory, I have set down some of my thoughts on this topic

4 also .

The first section of the paper relates some arbitrary distinc-

tions which I impose among the terms evaluation » assessment and

appraisal. In the second, with the help of some previous work, I

s

further narrow the definition of evaluation implied in the first sec-

tion. The next section outlines and defines four separate components

or elements of evaluation which seem to have been confused in some
"evaluation' studies. The fourth and fifth sections concern three

of these elements and their relations to certain notions zhout the
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design, analysis and measurement aspects of evaluation.

I. Evaluation, Assessment and Appraisal

The terms evaluation, assessment, and appraisal are often used

interchangeably in attempts at gathering information about schools
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or pupils. This is unfortunate, since the goals of information
gathering and the methods used differ so widely. It seems worth-
while to attempt to give some guidelines for the uses of these tews
and to explicate some of the similarities and differences implied by
these guidelines.

Certainly, it would seem clear that there is some element of
judgment either central to these processes or lurking in the back-
ground. That is, there is some "valuing'' going on somewhere. If
we look to one of our strongholds of meaning, the Webster's New
Collegiate Dictionary (1953), we find a distinction between evalua-
tion as "ascertaizmment of value,'" and assessment or appraisal as
"setting of value." From these definitions I would place the judg-
smental or valuing element further in the background for evaluation,
more related to assessment and appraisal. It might be reasonable
to place the focus of "evaluation'" on the process of ascertaining
the levels of particular traits which are viewed as valuable, rather
than on establishing which traits are valuable. Certainly the values
must be decided upon and structured in some reasonable way before
they may be ascertained for a particular object, but we may reason-
ably separate the two processes.

In this context, then, I would use assessment or appraisal for
the general processés of judging what is valuable and ascertaining
the particular levels of valued traits, wiile reserving evaluation

for the latter.
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We can now turn to the problem of what may be evaluated, as-
sessed, or appraised., Harris (1947) makes some useful distinctions
in his paper on school appraisal. He designates three aspects of
the school which may be appraised: plans, resources, and processes.
For Harris, plans consist of the goals of the school; resources are
both physical and human, and processes are the activities--both in-
structional and noninstructional--which go on in the schocl. In a
later paper (1963), he insists that the appraisal become evaluation
only if the criteria consist of measures of pupil behavior. That is,
in the context of the above discussion, the ascertainment cf levels

of valuable traits must be empirical and behavioral.

II. A Definition of X¥valuation

In order to discuss the design and amalysis of evaluation studies
we must first define evaluation more explicitly. Two papers have
been most influential in structuring my thoughts about evaluation.
They are those of Harris (1963) and Cronbach (1963). Harris defines
evaluation as

....the systematic attempt to gather evidence regarding

changes in student behavior that accompany plamned educa-

tional experiences.

Cronbach, however, places some differing emphases:

«...collection and use of information to make decisions
about an educational program.

We can see that the differences betweern: the two definitions reside

in the fact that Crombach emphasizes the decision aspect of evaluation
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while Harris emphasizes the behavioral nature of the criterion. Both
enphasize the gathering of (empirical) evidence or information gbout
planned educational programs.

In order to focus the content of this paper, I have taken the
liberty of combining the two definitions into one which further nar-
rows the concept of evaluation:

Evaluation consists of ths collection and use of informa-

tion concerning changes in pupil behavior to make decisions
about an educational program.
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Thus I will be concentrating on behavioral informati
relevant to decisions about educational programs.

In addition to narrowing the evaluation concept to the informa-
tion gathering or ascertaimment process, a further comment is in
order about the term "educational programs.' In the discussion which
follows I will restrict the meaning of "“educational programs" to
"instructional programs'' or "procedures" and their components. This
will tend to simplify the terminology in the rest of the paper, even
though much of what I say will be relevant to other aspects of the
school, e.g., the plans and resources of Harris (1947, 1963).

To su‘rmnarize I will be concentrating on instructional programs
or procedures and their components evaluated by means of pupil be-

havior.

III. The Elements and Terminology of Evaluation

In order to help conceptualize the evaluation process it is

useful to distinguish certain elements by labeling them with special




terms. To these elements I have given the names: Standards, Objects,
Vehicles, and Instruments.

The Standards of evaluation are a function of valuing or judg-
ment process discussed earlier. The standargis consist of the desig-
nation of traits which are considered important to evaluate (are
valued), and the designation of levels of these traits which are
considered desirable. A rough example of standards might consist of
the statement that 90 percent of the pupils in a school should be
able to read 70 percent of the material in a daily newspaper with
95 percent comprehesnsion. This is incomplete since some of the terms
in the sentence are not defined.

The Objects of evaluation are the instructional programs or
procedures and their components. These might consist of scmething
as complex as a "new math" textbook series or at the other extreme
a particular "frame" in an auto-instructional sequence.

The Vehicles of evaluation are the cerriers of the :‘gffects of
the objects. That is, the pupils, classes, or schools. .‘3

The Instruments of evaluation are exhibitors of the behaviors
of the vehicles. The selection or construction of these instruments
is highiy dependent on traits established as impcrtant by the stan-
dards, the particular objects to be evaluated, and the vehicles which

are affected by those objects. in addition, the instruments used in

an evaluation may interact with the standards, since the trait levels

P L T e R iy

il L e Dy e BTy I v
e b A e i S .

T D Y, 1 et e S e
s R > - -
: AP

"’c’ﬂs‘;’




considered desirable may be differently reflected in different in-
struments. Examples of instruments run the usual broad gamut of
stimuli used for eliciting behavioral responses.

The main problem of evaluation, then, is to establish the

effects of the objects on the vehicles by means of the instruments.

The other element of the process is to compare these effects with

the standards. The latter comparison will not be discussed in this

paper.

IV. The Objects of Evaluation and Their Description

In order to evaluate an object (educational program, procedure,
or component thereof) we must describe it, or at least be able to
distinguish it from other possible objects. In its simplest form
this description indicates the presence or absence of the object.
Thus in the evaluation of complex educational programs such as text-
bock series we usually characterize the object by a dichotomous vari-
able indicating its presence (or absence). Studies which involve
the characterization of a camplex educational program by its presence
or absence are called "summativs evaluation studies' by Scriven
(1965). 'Iwo basic types of studies have been proposed by Cronbach
(1963) to accomplish the goal of summative evaluation. These types
he terms the 'horse race" and the "time trial."

The "horse race" is the educational comparative experiment.

In this procedure several different objects (educational programs)
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are compared by randomly assigning relevant vehicles of evaluation
to them and then comparing their standing on measures produced, by
applying relevant instruments to the vehicles. The analytic proce-
dure used for data generated in this fashion is usually the analysis
of variance. This procedure transforms the dichotomous variables
that indicate presence or absence of the various treatments into
contrast variables that differentiate the tre-tments; then it relates
them to the outcome measures.

The "time trial" is a procedure which ascertains the levels of
the outcome measures in the presence of the object. It is mainly
useful when one is not directly interested in comparison with other
objects or when the conditions of the study can be assumed to remain
constant. The trouble with the '"time trial" study is that one is
almost always interested in a camparison with some other objects, for
if one were not, a decision would not need to be made. And given that
comparison is necessary, the constancy of conditions becomes extremely
important and is difficult to guarantee without the important concomi-
tants of a comparative experiment. It is important to acknowledge,
however, the pertinence of Cronbach's (1963) point that it is difficult
to implement valid comparative experiments.

fsiother type of evaluation procedure defined by Scriven involves
a different class of objects of evaluaticn. These objects are com-

ponent parts or procedures of complex educatioral programs. The
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general purpose in evaluating them is to gain information which will
aid decisions about the modification or deletion of these parts from
the overall program. Scriven terms this type of evaluacion "forma-
tive." Ii seems generally accepted that the kind of study used in
this type of evaluation should be both comparative and experimental.
The analytic models used for the analysis of data from these studies
are essercially the same as the analysis of variance models described
above. An example of this kind of study might be an experiment com-
paring the effects of varying the sequence of certain instructional
units or blocks within a complex instructional treatment. Another
might be an optimization study of a2 particular unit of instruction.

There is a third type of evaluation study which seems to be
little discussed. This type might be described by the phrase "making
suamative evaluation studies fommative.' This type of study iiivolves
making the description of the objects a quantitative characteri-a-
tion of the relevant traits of those objects and then relating that
description to the oufcomes.

An example of such a quantitative description might be the per-
centage of time a particular educational program spends with supple-
mentary material as opposed to the basic textbook. This variable
might be related to transfer objectives of the instruction.

This procedure may also be used to establish the effects on the

vehicles of those characteristics of the instruction which are left
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free to vary by the program. Note that in this case the emphasis has
changed from the educational program (object of evaluation) to varia-
tions in the program (objects of evaluation). An example of this
type of study was recently conducted by one of Benjamin Bloom's stu-
dents at the University of Chicago (Anthony, 1967). An appropriate
analytic model for this type of study is the stamdarc regression

model or appropriate modifications thereof.

V. Vehicles and Instruments of Evaluation

The appropriate vehicle for evaluation is highly depemdent upon
a characterization of the object of evaluation. The selection of
an appropriate vehicle is equivalent to the selection of a sampling
unit for a study.

To make this more concrete, if the object of ~ “uation is &
typicel classroom instructional program where the instruction is
received simultaneously by all students in the class, then the ap-
propriate vehicle (or sampling unit) is the class and not the indi-
vidual pupil. This is equivalent to the standard definition of the
experimental unit in this case: if two pupils in the same class may
not receive different instructional treatments the classroom is the
appropriate unit (see Page, 1965). Another way of looking at this
is to say that traditional instruction is by nature classroom-based
since if it were not it would be tutorial. This concept has been

discussed by Wiley (1967).
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The other vehicles are, of course, appropriate for objects of
evaluation with other characteristics. Thus if one is conducting a
formative evaluation study within the context of a camputer-assisted
instructional system, individual pupils may receive different treat-
ments. The method is essentially tutorial, so the relevant vehicle
(sampling unit) is the individual pupil. And if one is studying the
effects of administrative policy the vehicle would be the collectivity
supervised by the individual policy maker.

When the appropriate vehicle for evaluation is a collectivity,
such as a classroom or school, a number of options open up with re-
spect to instrumentation, the production of measures, and strategies
of data analysis.

In the first place the measures produced by the instruments
characterize the collectivity and not the individual pupil. This
jmplies that not every pupil need be measured. That is, we may sam-
ple pupils from the unit and still be able to measure the status of
the relevant unit. We may thus use completely random, or stratified
random sampling schemes; and our only concern need be the reliability
of the resulting measure with respect to the relevant unit.

It may be useful at this point to sketch a model for the reli-
ability analysis of collectivity data in a simple case. If we are

trying to differentiate reliably among classrooms by means of the
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average scores on a test given to the individuals in that class, an
appropriate model might be the following:
Yij=u + oai'*'eij , where i = 1,..., n
3 = 1’ LR 2N J ’ nli

n being the number classes and m. the number of people in each
ciass for which scores are available. The temm e, j represents
variation among individuals within classes and may be treated as
error of measurement with respect to the detemmination of u+aq, the

-

population mean score for the ith

ciass.

The reliability of the measure with respect to differentiating
among classes is the proportion of variance in the mean score for
each class attributable to true variations among classes. If we

2 ) 2
let o, = Var (ai), and o_ = Var (eii) then the reliability of the
th ”

i"" class mean is 2
o)
- o

Di =TTz

c o_

O 4 =

This is equivalent to the intra-class correclation stepped up
with the Spearman-Brown formula for an increase in test "length' of

a factor of m .
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An appropriate estimate of p, when m; are equal is

~ _MS - MS
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Bock and Wiley (1968) have dstermined that in a rela pively
homogeneous set of suburban school districts approximately 70 per-
cent of the variation in the scores of a group of common standardized
achievement tests is due to within-class variation. This would imply
that the reliability of these kinds of tests with respect to dif-

ferentiating classes would be approximately

.3
- 3 + - = ..'-:L..-.: .93
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if the classes contain thirty pupils.
In other contexts, it has been my experience that measures of
many traits, with respect to classroom means as observations, tend
to correlate above .90 with measures of similar traits, implying that
the actual reliability of standard achievement instruments for indi-
vidual differences among classes is somewhat above .90. This would
seem to be consistent with the Wiley and Bock data. For many pur-
poses then, it would seem that samples of pupils would be adequate.
Another ~onsequence of the unit being a collectivity is that

each pupil does not have to receive the same items if the instrument
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is a test with more than one item. Procedures for giving different

pupils different items are called item sampling procedures and are

due to Frederic Lord (1962). They are mentioned in the evaluation

context by Cronbach (1963). These procedures may be very useful in
that a complex trait, possibl” represented by a population of dis-
tinct items, may be adequately assessed for units by giving each

" pupil a small and distinct sample of items.

i‘ One such design which seems to have great promise in evaluation

studies may be described in the following way. Suppose one has a

it aliiok T A et

test consisting of m items. Randomly select m pupils from each of

n classes. Randomly assign one of the m items to each pupil under
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the restriction that every pupil in & class is to receive a different

item.

e L)

Class 1 2 n
’ Pupil 1 {2 1....m{mlm+2 |...{2m ceee| -Dm+l | (n-1)m+2 ... |nm

Item 1 2 ceeslM 1 2 s o0 m 1 2 s m

Note that pupils are nested within class and that items cross

classes but not pupils. We may formulate the following model

for the mn observations.

=yt 'B- +,g°‘6)ij + ei(k), i=1,.00on; j=1,.0.,m;

Y35 ) j

k=1,...,nm
(where k is completely determined by i and j)

The expectagionszof the meag. squares are
EMSa) = no, + G%B * o
EMSB) =no, +o_,
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and the reliability of the mean score for each class is

& 02
o = o
O’2

2

2 o, + o

gs + B €

which may be approximately estimated by

o = MSau - MSeg
MSa

This design is dve to Cronbach, et al. (personal communication, 1967).
Another advantage of a collectivity unit is that single items

may be used to characterize the unit in a reliable fashion. And as

Cronbach (1963) has mentioned, items are easier to interpret than

total scores on tests made up of mauy items.

'; Single item scores have other advantages also. It seems apparent

(Wiley & Bock, 1967) that a major portion of the variation among

¥ schools on measures of achievement may be explained by a single

source of variation whick may be interpreted as social clsss. It
might be expected, then, that if one took the item scores for a small
but highly homogeneous set of items (e.g., ten items testing the ad-
dition of two one-digit integers) most of the covariation among the
items could be accounted for by a reliable measure of social class.

A teliable measure of social class could be obtained by using
~ almost any measure of prior achievement or ability, since the col-

lectivity is the unit we are considering. This is so since variation
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- in backgrounds of the pupils within the community associated with
the school is error with respect to the determination of the school
mean. Thus the mean ability of the pupils in the school is likely
to reflect the social class of the community.

It would seem to be a good hypothesis that most of the remain-
i ing covariation after removal of the veriation in social class would
be due to variation in instruction. This might then imply that the
principle component of the matrix of partial covariances (removing
social class), would be a relevant criterion measure for the evalua-
tion of instructional methods. One might expect that little covaria-
tion would remain after removing both social class and the principle

component.

-
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We have explored some of the ccnsequences for instrumentation

f and measure generation when the relevant unit is a collectivity but

7 there are others. It would seem that the objects of instruction
might well affect other characteristics of a unit than the mean level
of achievement. They might, in fact, affect the distribution of
achievement in the collectivity. If this is true the moments of the
achievement distribution might be used as criterion measures. It
would seem that the first four moments would be directly interpre-
table. For example, if one Program or Object of evaluation tended

4 to produce more homogeneous achievement as indicated by a small vari-
ance or logarithm of the variance, this.. would be directly interpre-

table.




16

Another relevant kind of measure which may be produced is a
contrast among subpopulations. For example, if one computed the
mean score for boys and girls in a classrocm and used the difference
as a criterion measure, the effects on the difference score may be
interpreted as an interaction of the treatments (if any) and sex of
pupil with respect to the original criterion measure. It is impor-
tant, however, to realize that this measure shoulé be locked upon as
a characteristic of the class rather than inferring what the effects
of the treatments would be if the sexes were segregated.

This treatment of subpopulations msy be extended to more than
one way of classification. Thus we might create four subpopulations:
High Ability Boys, Low Ability Boys, High Ability Girls, and Low
Ability Girls. The four mean scores would produce three contrasts
in addition to the mean: (a) a sex contrast, (b) an ability con-
trast, and (¢) a sex-ability interaction contrast. These contrasts
may then be used as separate criterion measures with possibly insight-
ful results.

One might note that in the above example the two ways of creat-
ing subpopulations differ in that one was the result of a discrete
variable (sex) and the other was a result of a continuous variable
(ability). When the contrast is the result of a continuous variable
it may be considered tc be a rough estimate of the regression co-
efficient of the original criterion variable with respect to the

continuous variable.
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This logic might lead one to the use of regression coefficients
' as new criterion measures for evaluating the differential effect of
the treatments on individual pupils.
:{ I hope that some of the ideas and suggestions presented above
will be helpful to evaluators and evaluation researchers in clsri-

fying the muddy field of instructional evaluation.
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